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]lii~k~l~![lr(l: Due to the increasing and strin~mt  functional requirements (Iargcr  capacity, longer distance, etc..)
of [he, mrxkvm  day communication systems, higher antenna gaims are F,cneral]y needed. ‘1’his hig,hr.r gain implies
largur ankmrra size. and mrrss which are undesirable to many systems. Consexlmmtly, dowmsi7.ing  anlt’nna  tcchncr]ogy
beconm  one of the most critical areas for research and dcvelopmcrrt efforts. ‘1’echniques  to rcducc antenna si7.e
can he catcgori7t41 and arc bridly discussed as follows:

1. l)owmizin~  hy irntmmr  tdnique.s:

o J] se._  I>ri@d array - IIy Usit]g  printed array, such as the microstrip patcbcs, antenna thickness can
I>c significantly re41ucd which, in many cases , allows con formal ~nolltllin~, of tll~: anttmn:i.

o l>cvclop.efccicr!t.  arry fc@ - Among two sinli!a[- array antennas with iduntical gains, the rmc with
the. more. efficient fed system (lowc.r insertion loss) can rwhicwc a relatively smaller aperture size.

o ~J&._share@  ap@tl~q.  ledln@c - WIKV)  a syskm  mquircs separate lrfinsmit and rL~(Ti\’C.  frequencies
or requires mult iplc functions with di ffcmnt frcqmncie.s,  a sin~lc antenna apcrtuw  shared by all
these. frcquemcics  can significant rc41ucc system si7.e and mass,

o ]{txluce_pcriI&.ral co~r]pon~nt  si7,g - By reducing si7.cs of an antenna’s pc.riphcl-al components, such
as the use. of h4 h41 Cs for phase shifters and dis(ributcd  atnplifiem in an ac[ivc phased array, the
overall antenna system can achieve, sltlallcr sire.

o ~J~v~~f~IJ>~tl>crclircct  iv~_arfay  - Supcrdimct  ivit y kchniquc  allows a smaller anknna  apcrtllrc to
achieve. a relatively larger gain. IImvever,  the validity of this (ec.bt}iquc  Ims Iwcn controversial.
More research effort is ncdd in this area.

2. Ikmfmiz,ing Ijy raising the oper:l(ing  frequency: 1 f the system opcratin~ frl’qucncy  is doubled, the
antenna dimension can bc rduc.cd  by bal f (apcrt urc area reduced to 1 /4) W’hi le. Inaitltailling tlm same
antenna gain, Space, loss associated with the, higher frcqwmy  um bc compensated by kecpin~  the si7.e of
the, ante.nna on the other end of the communication link the same as prior to the frequency incrcasc.

3711c. JPI. antenna technologies that have either recently bccll dcvdope.d  or proposed for the futut e. c(lll~l~~\lt~ic:ition
systems have mostly involved downsi7,ing  tczhnologies discussed above, l’hcm te<hnolop,im  have been applied in
two areas, mobile antennas and satellite antennas, which arc sc.paratcly  discussed bc.low.

~fobilc  AnlcIrM~s: ‘l”hc nwchanically steered microstrip Yagi array 11] that dcvclopcxl for the NASA/J 1’1 .’s hfohi]c
Satellite (MSA’I’)  progrtim  utilized the printed array technology and the. c. fficie.nt array feed technique. ‘1’his antenna,
as shown in Figure  1, has achieved the lowest anknna  hcipht (3 cm) and diameter (53 cm) known to date for all
the 1 .-band  mechanically stccrcd  antennas. Across the dcvation  region of 20° to 60° above the horizon, the. antenna
achieved lnaximum  gain of 14 dbi and mininmm ~ain of 9.5 dbi. ‘1’he electronically steered phased array [2] that
dcvclopcd  for the same MSA’J’ program also utili7,cd the prinkxl array technology. 1(s’  lmiphcral  components, such
as phase shifters, power dividers, driver circuits, are all etched on the, same. stripline. layer below tho radiators. “l-he
antenna, as shown in }iigure 2, has achieved the lowest be.ipllt (1.8 cm) among all the. 1,-band  electronically steered
antennas dc.vclopd  to date.

~-l.l,e, Tcsearc]l  de,scri~>c,cl  in this paJ>cr was carried otlt by tl]c. Jet l’fopu]sion  1 ~~lK)rat ory, Cali fol I] ia ]nstitutc of

Tcdmolog.y, under contract with the National Acronaulics and Space Aclll~irlistr:ltiorl.



‘1’0 have smallc.r antenna si7N, two types of antennas arc bcins  dcvclrtpcd for .l P] ,’s AC’1’S  h! ol,i]c “1’erlni nal ] 3] by
rtiising freqmmcy  to Ka-band. CM is the mechanically skzrcd  elliptical rcflcdor  arrtcnnn which, shown in l;igure
3, IMS a lMSC diameter of 22 cm and a height of 10.5 C.111. ‘1’lw otbe.r is the. lncchanically stccrd active, array as
shown in l~ip.urc 4. lloth antennas will provide a pain in the order of 22 dbi. ‘1’hc aclive army uws pt’intcd dipoles
al 30 Ci}lz, for transmit and printed slots at 20 G}17, for rwcivc. I{oth (he dipdcs and slots share the, same aperture.
(16 cm x 13 cm). Mh41C Ill’As and 1.NAs arc to be USMI  as active components for this array. in addition to the
above, two antennas, several Ka-band antenna concepts have also brm proprmd  for the futur  L: l’~>rsonal Access
Satdlite. System (PASS) [4,5]. One example is the he~d-nmmtcd array that can be either nwchanically  or
eledrrrnically  steered to track the satellite.. “1’his head-mounted antenna, as slmwn in lii~urc S, not only permits
user’s both hands to be free for pcrformirrg  other fonct ions but also can avoid possib]c  radiation ll:i7Jird  to the IIe.ad.

sn!~lutc  Ai)I(mIn{t\: A de.cp space mission to Saturn, named Cassini, requires its an fc.nna systm to perform
nmltiplc functions (radio science,, radar mapping, tcleco]lllllllliicatir)tl, etc. ) at four difftmnt  frequency bards  - S,
X, Ku, and Ka. To alleviate. the satellite’s si7e and mass Imrdems, a single slmrcd-apcrt  ur~ Casst>$t ain rcfledor
anttmna systmn, as slcdchcd  in IFigure 6, is being dcvelope.d to have. al 1 four-frequency c:ipabi Ii t its. Several
technical c.hallemg,e.s,  such as the. frequency se.lec.tivc submflector (l:SS) [6] and the molt iple-beam Ku-band array
feds, [7] have been cncomrtercd. Both experimental and theoretical study results have dcmonstratd  that such a
llllllti-fllllcti(lll and rlllllti-fre.q~let}cy antenna system is hiphly fc.asiblc..

M icmspacecraft  technology is bcinc p]annc.d for dcvelopmemt  to study Asteroids, Comet, find otlwr planets. Ilach
nlicrospacecrafl,  }laving si7.c in the order of 0.5 mctw, is required to have Iligh gain antenna with small si7,e. and
mass. Prinkd  microstrip array, planar slotted wavcguidc array, ancl surface-mount flat rc.flector  at Ka-band
frequency are being proposed to counter the size tmd mass problems. ‘J”k flat rcfledor,  illustrate in };ipure 7,
combines the. tec.hnologics of microst rip patch and refledarray  [8] to allow surface nlounlin~  the Wfl  L’d[)r  antcnnn
onto the n~icrospacecraft.

}jor NASA’s m:xt generation sc:tttt’.r<)ll]e.tc~~-  apI~lication , all oItllo~ym ally Scatlnc.d  d[lal-bc’alll  plla%’d  army antenna
at Ku-band is bt:in~ proposed [9]. “1’his antenna, shown in I;i8ure. 8 and havins si7,e 1 m x 1 In, employs printed array
te.c.hnolosy  ald share.cl  aperture  solution to significant y reduce si 7.e. and mass. liflicicnt  scrie.s feed technique is also
used to fed a large number of patches (approximatdy  80 Imtchcs  in each row). I)uc to the orthogonal frcxlins, all
the patches need to he identical. It is quite, a challe.n~e  to series feed a large mmbcr of identical patches while
main tainin~ uniform amplitude across the. ape.rlurc.
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Figure 1. l’]anar microstxip  Yagi array
for mobi]c s;atol]ite cc)mmul)icati c)]).
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Figure  3 . Small e l l i p t i c a l  r e f l e c t o r
I_c>r AC:’J’S mobile terminal .
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Figure 2. I,ow-profile phased array
for mobile satellite commutlication.
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Figure 4. Printed share-a~,erturc
active! array for ACI’S  mobile t.crniirla] .



Figure 5. Ka-band head-nlounted array
for persona] satellite comnlunicati.oll.
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Figure 6. Multi-function and nlulLi-
frequency Cassini reflector antenna.
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Figure 8. Orthogonally scanned sharecl-
apcrture rnicrostrip array for Ku-band
scattcrometcr  application.

Figure ~. Microstrip rcflectarray for
microspacccraft  application.


